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ABSTRACT 
Glyphosate is a broad-spectrum herbicide that is used globally to combat the spread of 
weeds among crops. Not all countries around the world have been using the herbicide. For 
example, island countries such as Dominica and St. Kitts and Nevis do not use the herbicide on 
their crops. However, St. Kitts and Nevis imports food and other agricultural products from 
around the world, leading to the hypothesis that glyphosate is contaminating the soil through 
those imported products. The aim of this research project was to determine if glyphosate is 
present in the island country of St. Kitts and Nevis. A field test that will provide a rapid yes/no 
indication of the presence of glyphosate in sand samples on the islands and in food samples 
entering St. Kitts and Nevis was developed. Various models of contamination were studied, and 
a model experiment was set up one simulate possible contamination scenario. A model 
experiment was conducted simulating rainwater washing glyphosate from food scraps into the 
surrounding area. Tomatoes were chosen to simulate the food scraps and were tested for 
glyphosate contamination. After conducting the model experiment, the sand underneath the food 
scraps as well as the water runoff were tested for glyphosate. From the experiment, a glyphosate 
concentration of 322.7 ppm was calculated in the internal tomato. Also from the raindrop model 
experiment, 51.9 ppm glyphosate was detected in the sand samples and 17.0 ppm glyphosate was 
detected in the collected runoff water. Therefore, since glyphosate was recovered in both areas 
tested in the raindrop experiment, it proves that glyphosate can be introduced into the 
environment through imported foods contaminated with glyphosate.  
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CHAPTER ONE: GENERAL INTRODUCTION 
Herbicides have been used extensively throughout history to combat unwanted weeds 
that grow among crops. Allowing weeds to grow causes significant loss of revenue, a setback in 
planting next year’s crops, and time wasted clearing weeds. Thus, major corporations developed 
herbicides that use a variety of chemicals to deal with the weeds that disrupt the agriculture 
industry. The most commonly used broad-spectrum herbicide in the United States is glyphosate, 
most commonly found in Monsanto’s commercial product, Roundup. Currently, glyphosate has 
been deemed safe when below specific trace concentrations in soil and food by most major 
health agencies in the United States such as the USDA (United States Department of 
Agriculture), EPA (Environmental Protection Agency), and FDA (Food and Drug 
Administration). However, new studies have been published linking glyphosate to carcinogenic 
effects such as cancer in the form of non-Hodgkins lymphoma.1 The goal of this research project 
was to determine if glyphosate is present in the island country of St. Kitts and Nevis 
BACKGROUND 
Historical Information about Pesticides 
Herbicides have been used ever since agriculture and construction have become 
industrialized practices. The earliest chemical weed control substances included sea salt, 
industrial by-products that include toxic waste, and oils. The first use of herbicides was in France 
in the late 1800s on grain crops such as wheat.2 The use of herbicides then spread throughout 
Europe and eventually made its way to the industrial setting where it was used to remove 
vegetation during the construction of railroads. These early herbicides contained dangerous 
inorganic substances such as copper and iron nitrates, sulfuric acid, and even sodium arsenite.2 
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The side effects of using herbicides were acute poisoning of both humans and animals, leading 
researchers to pursue safer methods of weed control.  
When researchers were developing herbicides, they decided that the active chemical 
should only affect the weeds and not kill all life where the herbicide was applied. Their research 
led to two types of herbicides, selective and non-selective, which both have their uses in the 
agriculture industry. Non-selective herbicides will kill all life in the area applied and are useful in 
areas to clear dense vegetation for construction. This type of herbicide is used around railroad 
tracks to prevent any growth that would disrupt the operations of trains or repairs to the tracks. 
Selective herbicides only kill specific weeds by targeting unique biochemical pathways. Sinox 
(sodium dinitro cresylate) was the first selective herbicide developed and released in the United 
States.3 It was mostly used on grains, peas, and home lawns from the 1930s to 1945.3 During the 
1940s, more research was conducted during World War 2 to develop potential herbicides for use 
in combat. Those discoveries led to the creation of 2,4-D (2,4-Dichlorophenoxyacetic acid), the 
first mass-produced selective herbicide that is still used today.2 When 2,4-D was first released 
commercially, it sparked a worldwide agricultural revolution that significantly increased the 
number of healthy cultivatable crops.2 It was applied to wheat, corn, and rice because of its 
ability to kill broadleaf plants such as weeds and not harm the crops being cultivated.2 Also, 
because of the low cost to produce 2,4-D, it made the herbicide an excellent choice to be mass-
produced and distributed.  
Glyphosate 
In 1970, Monsanto chemist John E. Franz discovered glyphosate as another solution to 
treating weeds.4 Glyphosate, shown in Figure 1 is a modified glycine molecule with an added 
phosphate group attached to the N-terminal amino group. Glyphosate is a non-selective herbicide 
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that works by inhibiting the plant enzyme 5-enolpyruvylshikimate-3-phosphate synthase, which 
is responsible for the creation of amino acids tyrosine, tryptophan, and phenylalanine.4 Without 
the necessary amino acids to create proteins required for stability and growth, the plants will 
eventually die.4 However, glyphosate only affects growing plants and is not a pre-emergence 
herbicide, which decreases the utility in some situations. To pair with glyphosate, Monsanto also 
genetically engineered glyphosate-resistant crops that use alternative pathways to create their 
essential amino acids.4 This makes them immune to the application of glyphosate and allows the 
entire crop field to be sprayed without the threat of over or accidental exposure. 
 
Figure 1: Structure of Glyphosate 
With no risks to crops when using glyphosate as a broad-spectrum herbicide, there was a 
100-fold increase in the frequency and volume regarding the application of glyphosate-based 
herbicides between 1970 to 2016.5 Eventually, glyphosate-resistant weeds began to appear 
around the world. After applying glyphosate liberally for over four decades, the evolution of 
weeds and other plant pests made the herbicide less effective than when it was first introduced. 
Another downside from using more glyphosate to treat resistant weeds is the problem of residues 
appearing in food. The EPA and other health agencies in the United States have recorded 
numerous studies testing food samples to detect residue of glyphosate. In one study, out of 760 
food samples that included soybean, milk, and egg samples, 47% of samples had a detectable 
amount of glyphosate.6 However, all these detectable amounts were below tolerance limits set 
forth by the EPA of 2mg/kg/day.7 
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As more research is released delineating the toxic side effects of glyphosate, more 
countries and cities have started to place restrictions on the use of the herbicide. Most notably are 
countries in Europe that have started to place significant restrictions on the selling of herbicides 
containing glyphosate. Italy, Luxembourg, and Belgium have already banned the use or stopped 
the sale of glyphosate based herbicides to individual consumers.8 Other countries such as France 
banned the sale, distribution, and use of glyphosate in early 2019 and plan to phase out the 
presence of glyphosate by 2021.8 North America remains the largest glyphosate user on crops. 
Canada and the United States share similar laws about restricted herbicide use in commercial 
agriculture and the sale to consumers on an individual level. With the emergence of new cases 
linking glyphosate to carcinogenic effects, new laws and regulations will likely be enacted within 
the next ten years regarding the use of glyphosate.  
Research Objectives 
In this research project, soil samples from St. Kitts and Nevis will be analyzed for 
glyphosate residue. In countries such as Dominica and St. Kitts and Nevis, the use of glyphosate 
is minimal or none. In theory, soil and food samples from these islands should contain no 
detectable amounts of glyphosate residue. However, with the import of food and other 
substances, there is a possibility that glyphosate will travel and eventually spread out into the 
surrounding area.  
New safety measures will need to be put in place to deal with the increasing volume and 
frequency of glyphosate application worldwide. In St. Kitts and Nevis, pinpointing the vectors of 
glyphosate contamination will allow the citizens and government to minimize or eliminate its 
spread throughout the island nation. The following literature review will detail the existing 
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methods on how to test for glyphosate in food and soil samples as well as explain the natural and 
in vivo degradation of glyphosate. 
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CHAPTER TWO: LITERATURE REVIEW 
Degradation of Glyphosate 
Effect of pH, temperature, and TOC on glyphosate degradation  
The degradation of glyphosate in soil is controlled by numerous factors such as pH, 
temperature, and total organic carbon (TOC) found in the soil.9 In this study, a standard soil 
sample was harvested from Bad Lauchstädt, Germany. The soil contained 21% clay, 68% silt, 
11% sand, 2.1% TOC, and a pH of 6.6.9 Three different tests were carried out in order to 
examine the different variables in the soil. To determine the effect of temperature, three different 
samples were incubated at 10 ℃, 20 ℃, and 30 ℃, respectively. To determine the effect of 
temperature pH, sulfuric acid was added to create two samples that were pH 6.0 and 5.5, 
respectively. To observe the effect of TOC, farm manure was added to portions of the soil 
samples and tested at a TOC content of the original amount (2.1%), 3%, and 4%. These samples 
were incubated for 39 days and monitored to find out the percentage of glyphosate degraded and 
the extractable amount after incubation. For the temperature test, the total degradation 
of glyphosate was 12–22% for 10 °C, 37–47% for 20 °C, and 43–54% for 30 °C. The amount of 
extractable glyphosate was in the range of 10–21% for 10 °C, and 4–10% for both 20 °C and 
30 °C. From the study results, the effect of pH slightly increased the degradation rate of 
glyphosate to 15% and 18% for a pH of 5.5 and 6.0, respectively.9 While adjusting pH barely 
affected the degradation amount at lower temperatures (10℃), increasing the temperature for the 
adjusted pH samples did increase degradation percentages to 43-46% for 20 ℃ and 48-50% for 
30 ℃.9 Finally, for the tests altering the TOC of the soil, there were no discrete numbers for the 
degradation amount of glyphosate. Altering TOC gives microbes in the soil a better environment 
to convert glyphosate to the end product of CO2. However, from the tests conducted, increasing 
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the TOC from the original amount to 3% and 4% only slightly increased the degradation amount 
of glyphosate.9 Thus, TOC is not one of the main contributors to the degradation of glyphosate, 
although when working in conjunction with either altering the soil pH or by increasing the 
temperature, the two variables working together will increase the total degradation amount. From 
the study, which was one of the first to explore environmental factors in the natural process of 
degrading glyphosate, higher climate temperatures seem to be the main factor in converting 
glyphosate into simpler carbon compounds such as CO2. However, it should be noted that 
lowering pH and increasing TOC can work in conjunction with each other to increase the total 
degradation amount.9 As being one of the first research studies into environmental effects and 
how glyphosate degrades, there are not many other studies that support or deny these findings.  
Microbial Degradation of Glyphosate 
Many other studies have looked at how microbes work to degrade glyphosate by 
ingesting the herbicide and converting it into simpler derivatives.10-12 In these studies, many 
different aspects of degradation were examined such as kinematics, half-life, time of 
degradation, residue concentrations, and by-product formation such as AMPA 
(aminomethylphosphonic acid). The first study looked at three different strains of bacteria 
Pseudomonas sp., Actinobacteria, and Serratia sp. that were isolated from sludge of municipal 
wastewater treatment plant located in Riga, Latvia.10 By incubating the bacteria on plates in 
environments with and without glyphosate, the authors were able to analyze the number of esters 
that were located in the environment around and within the bacteria. By analyzing ester count, it 
would differentiate between bacteria types that were resistant to glyphosate and those that had 
taken the herbicide in and started to degrade it. Both the Pseudomonas sp. and Serratia sp. had 
the same amount of intracellular and extracellular ester concentrations, proving that those two 
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strains were very resistant to glyphosate. However, in the Actinobacteria grown in 1.0% 
molasses and 100 and 500 mg/L concentrations of glyphosate, there was an increased amount of 
esters intracellularly which indicated that the bacteria degraded glyphosate by absorbing and 
converting it.10 However, due to the unstable nature of bacteria, it should be noted that new 
resistances and mutations might make new strains resistant to glyphosate or even utilize 
glyphosate as a new energy source, increasing the amount that is naturally degraded by 
microbes.10 Other studies were conducted to investigate how microbes interact with glyphosate 
when adding soil nutrients. In one study, glucose, ammonium ions, and phosphate which are 
physical compounds of carbon, nitrogen, and phosphorus respectively, were added to the soil 
samples and the lag phase for the degradation of glyphosate was reduced.11 However, by using 
fresh soil samples with all nutrients available, there was no observable lag phase and glyphosate 
is metabolized immediately.13  By adding nutrients found in their natural environments, microbes 
were able to work better and degrade glyphosate quicker.11 In another study, the degradation of 
glyphosate was shown to follow a first-order kinematic decay model.12, 14 This study looked at 
the effects of microplastics on the microbial activity by incubating samples over 30 days. The 
results showed that microplastics did not significantly alter glyphosate degradation. However, 
adding a significant amount of microplastics will alter intracellular microbial activities.12  
While microplastics do not have any direct effects on glyphosate degradation, the 
physical properties of the areas where the crops are planted will affect how the herbicide 
degrades. One study aimed to analyze if physical characteristics after planting, such as depth 
under the surface and tillage of the soil, will affect glyphosate degradation.15 It was concluded 
from the study that the deeper from the surface that something is planted, the less it will degrade. 
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However, if the soil was turned or tilled by a machine, the cumulative degradation will 
increase.15 The study was tested at 0-10 cm underneath the soil. 
Glyphosate Degradation in humans and plants 
Finally, another factor to consider is how glyphosate reacts inside of the body and if the 
human body or animals can be used as a vector to carry the herbicide and spread it to new 
areas.16 In one study analyzing self-induced glyphosate injury, the injuries and effects on the 
human body were documented and analyzed. The study documented how glyphosate degrades 
within the body by analyzing residues in excretions and blood samples. In this study, it found 
that glyphosate had a half-life inside the body of 3-4 hours and was absorbed by tissue in 4-6 
hours.16 Due to the short half-life time inside the body, those that ingested a small amount of 
glyphosate had a much higher chance of survival. The remaining glyphosate undergoes minimal 
metabolism in the body and is absorbed into tissue or is excreted renally (the main mode of 
removal).16 The excretion of glyphosate is one method by which glyphosate can be spread to 
different areas.16 The most common animal that would ingest glyphosate residues in food would 
be pigs. Pigs have a similar gut system to humans and are a good comparison when looking at 
degradation of glyphosate within the body. While there is currently no research into the 
degradation of glyphosate in animals, it is reasonable to expect that the same effects that occur in 
humans would also occur in pigs and other animals that share a human-like gut system. 
AMPA metabolism, the primary metabolite of glyphosate, was analyzed in another study. 
Certain plant species contain a particular enzyme, GOX (glyphosate oxidoreductase), that breaks 
glyphosate down into its various metabolites, including AMPA.17 From the study, the results 
showed that some plants carried the GOX enzyme while others did not. By analyzing the 
different metabolites using radiolabeled Carbon-14 incorporated into glyphosate, one weed, 
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Ipomoea, more commonly known as morning glory, was found to be naturally resistant even 
before glyphosate was added. The weed was harder to kill using the same amount of herbicide 
compared to most other weeds, leading to the conclusion that it is more naturally resistant.17 
Finally, another mechanism that was studied was the sequestration of glyphosate into vacuoles 
inside cells.17 Incorporating glyphosate into vacuoles inside cells could be an area that causes 
health problems because after humans ingest fruit or vegetables, those glyphosate molecules left 
in the vacuoles will be metabolized inside the body. The final results of the study showed that 
there is not a clear GOX enzyme that has been isolated from a plant species so far. Also, many 
species of legumes have been found to metabolize glyphosate to AMPA, signaling that studying 
legumes might lead to the discovery of GOX enzymes in plants.17  
There are a variety of factors that could potentially affect how glyphosate degrades, 
however the ones that would most likely affect degradation would be temperature, depth of 
planting, and soil tillage. While looking at microbe activity would be another factor to consider, 
the different strains and unstable nature of bacteria and other microbes makes them hard to study. 
These three factors are easily controlled in a lab setting and are something that should be looked 
at when considering glyphosate degradation in this research project. It is important to understand 
the different metabolites that glyphosate degrades into because even though glyphosate itself 
might not be present in the soil, finding AMPA or other products is a key sign that residues were 
in high enough concentrations to be detected. In this project, developing a field test to detect 
glyphosate will be key in determining if glyphosate is present in St. Kitts and Nevis and how it 
enters the country.  
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Extraction Techniques from Food Samples 
 Food imported from other countries is most likely contaminated with herbicides. 
Detecting if there is any glyphosate still in the food when it is sold to the consumer will explain 
how it is spread throughout St. Kitts and Nevis. There are many techniques used to extract 
glyphosate from food samples that involve many different chemicals. However, all the methods 
follow a similar process that is universal among the most commonly used techniques. The first 
step involves removing glyphosate from the food sample. In one method, the food sample was 
placed in a microcentrifuge tube and then added water, acidified water, methanol, and 
dichloromethane. The solution was mixed, and then the resulting solution was transferred to be 
derivatized.18 Another method used water first and then in a second step, used two different types 
of syringe cartridges to remove proteins, weak interferences, and neutral and weak substances.19 
In another method, the same technique was followed, but included a defatting step using 
dichloromethane.20 Finally, in another method, water or sodium hydroxide was added to a 
microcentrifuge tube and was shaken to remove glyphosate from the food sample.21  
All the samples produced by the various methods need to be derivatized, which involves 
converting them into a form that is easier to be analyzed by gas chromatography in conjunction 
with mass spectroscopy. Most procedures used 9-fluorenylmethylchloroformate, a chemical that 
will also be used in the derivatizing step when extracting from soil, and purification on a solid 
phase extraction column.18, 20 One author’s method first added sodium hydroxide to the reaction 
mixture until the pH was over 10. Next, isopropyl chloroformate was added and mixed with the 
solution.21 2 M hydrochloric acid was then added to reacidify the solution and bring the pH down 
to a range of 1-2. Diethyl ether was then added to remove the excess reagents. Next sodium 
chloride was added and then the solution was extracted twice using diethyl ether containing 20% 
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tert-butanol. The solution was methylated using diazomethane until a yellow color was seen. 
Finally, the solution was allowed to sit until all solvents had evaporated.18 Ethyl acetate was 
added to the resulting solution and analyzed by gas chromatography.21  
After the derivatizing step, all samples were injected into a gas chromatography 
instrument and analyzed using a variety of different columns that were specific to the various 
experiments. The extraction from food samples follows a simple procedure that includes 
removing glyphosate from the food sample, derivatizing the glyphosate solution, and finally 
passing it into the gas chromatograph. These are the current procedures that are widely accepted 
today. In this research project, a quick field test will be developed to determine if glyphosate is 
present in soil and food samples. This field test along with an analytical method will be used to 
determine if glyphosate is present in St. Kitts and Nevis.  
Extraction Techniques from Soil Samples 
The primary way that glyphosate is spread into the environment is through soil. From the 
soil, glyphosate can be carried with runoff into streams and other water bodies where it can 
eventually contaminate other areas. Extraction from soil samples follows a similar process to 
extractions from food samples. Glyphosate has a high complexation potential to inorganic 
compounds, such as clay, quartz, and magnesium carbonates, that are naturally found in the 
soil.22 Therefore, chemicals must be added and mixed thoroughly to remove glyphosate residues 
from inorganic compounds in the soil. Water is the most commonly used solvent to remove 
glyphosate from soil.23, 24 Water is a solvent that has little to no interference when running 
through a gas chromatograph and is safe and extremely cost-efficient. Another solvent that is 
also commonly used, but is harder to handle, is any alkaline medium such as potassium 
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hydroxide.25-27 After adding solvent to the soil sample in a container such as a microcentrifuge 
tube, the container is shaken until glyphosate has been separated from the particles in the soil.  
After the solution has been thoroughly mixed, glyphosate in solution undergoes a 
derivatizing step that prepares it for analysis. 9-fluorenylmethylchloroformate the same 
compound and a synonym28 to fluorenylmethyloxycarbonyl chloride (FMOC-Cl), is a common 
derivatizing agent because it makes fluorescent derivatives that are easier to detect in a high 
performance liquid chromatography instrument (HPLC) with fluorometric detection.25, 26, 29 In 
another study, glyphosate was derivatized using heptafluorobutyric anhydride and 
heptafluorobutanol.27 The resulting derivative solution was injected into a gas chromatography 
instrument with flame photometric detection.27 While other derivatization techniques exist, the 
length and the number of steps is much greater when compared to using FMOC-Cl to get to the 
same compound. Using FMOC-Cl in the derivatizing step is the most practical cost-wise when 
analyzing samples in the lab. After the derivatizing step, the samples are injected into either gas 
chromatography or HPLC with a specific ion detector. However, to create a field test that will 
detect glyphosate using minimal chemicals and instruments, a procedure will need to be 
proposed using simple methods.  
Method used in this Research Project 
The method used in this research project involves forming a complex with copper that 
can be seen as the formation of a yellow color in solution based on the method developed by 
Rasul Jan.30 First, the glyphosate was extracted into solution and then carbon disulfide dissolved 
in chloroform was added. This first step generates dithiocarboxycarbamic acid when the 
glyphosate and the carbon disulfide interacted when the solution was shaken. After the formation 
of the dithiocarboxycarbamic acid, the ammonical copper solution was added to form the 
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glyphosate metal complex. The copper ions must be in an ammonia solution because to have the 
ion and glyphosate interact, the hydrogen that is attached to sulfur must be removed. Ammonia is 
a base which is strong enough to deprotonate the thiol group and create a nucleophile to interact 
with the positively charged copper ion. Since the copper ion has a charge of 2+, there are two 
glyphosate molecules that interact with the copper ion to form the complex. The reaction scheme 
of the complex formation is shown in Figure 2.  
 
Figure 2: Reaction Scheme of Copper (II) Glyphosate Complex Formation 
The addition of the ammonical copper solution will form a yellow chloroform layer and then 
diluted with ethanol to be tested on a UV vis instrument at 435 nm.30 However, the method was 
modified in numerous areas to fit the experiment. First, the original method used a low v/v 
percentage (1%) of carbon disulfide in chloroform to form the dithiocarboxycarbamic acid. 
However, it was determined during the experiment that the low percentage of carbon disulfide 
did not form enough of the complex at low concentrations to be detectable. Therefore, various 
other v/v percentages were tested, and the final amount of 50% was found to achieve the best 
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results. Second, the 1000 μg/ml ammoniacal copper solution was originally prepared with 20ml 
of DI water and 80 ml of ammonia. It was observed that if only ammonia was used to dissolve 
the copper nitrate, more complex was formed as a result.  
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CHAPTER THREE: EXPERIMENTAL METHODOLOGY 
Chemicals and Materials 
 Glyphosate (95% purity) was obtained from Apollo Scientific. Copper (II) Nitrate, 
Ammonium Hydroxide, Hydrochloric Acid, was obtained from FisherScientific. Carbon 
Disulfide (ACS, 99.9+%) was obtained from Alfa Aesar. Potassium hydroxide pellets (ACS, 
85+%) was obtained from Aldrich Chemical Company Inc. Chloroform (HPLC grade) was 
obtained from Fisher Chemical. 
 The UV-Visible Spectrometer used was an Agilent 8453 UV-Visible Spectroscopy 
System. A quartz cuvette with a path length of 1 cm was used.   
 General all-purpose sand used for the model experiment was obtained from a hardware 
store. Beefsteak tomatoes were acquired from a local grocery store. 
Creating Standard Glyphosate solutions 
 All standard solutions were made in the microgram range based on the study published 
by Jan.30 First, 95% purity analytical grade glyphosate was added into a volumetric flask and was 
dissolved using a small aliquot of DI water. The flask was then diluted to the mark with 
additional DI water. Solutions with various concentrations of 1000, 500, 250, 175, 100, 50, 10, 5, 
1, and 0 µg/ml (ppm) were created to create a calibration curve. 
Creating Ammonical Copper solution 
 An ammoniacal copper solution of 0.1M was created. First, 0.1288 grams of copper (II) 
nitrate was measured on an analytical balance. The copper (II) nitrate was added into a 100 ml 
volumetric flask. Concentrated ammonia was added to the flask and diluted to the mark. 
Creating Carbon Disulfide Solution 
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 In the procedure based on the study published by Jan30, a 0.5% carbon disulfide solution 
in chloroform was used to create the glyphosate complex. However, after further testing, it was 
shown that increasing the carbon disulfide content in the solution would create more of the 
complex at lower concentrations of glyphosate tested. Increasing the carbon disulfide too much 
however, would lead to the yellow color forming in the blank. Therefore, after testing various v/v 
percentages of carbon disulfide in solution, a solution composed of 50% carbon disulfide and 
50% chloroform produced the best results. To create the solution, 50 ml of carbon disulfide was 
added to a 100 ml volumetric flask. 50 ml of chloroform was added and diluted to the mark. The 
flask was shaken to ensure completeness of mixing. 
Testing Standard Glyphosate Solutions 
 First, a 10 ml aliquot of the standard solution was added into a separatory funnel. Then 5 
ml of the 50% carbon disulfide solution was added to the funnel and shaken until gas creation 
had stopped. Next, 1 ml of the ammoniacal copper solution was added to the separatory and 
shaken for 3 minutes to ensure complete mixing and the formation of the yellow colored 
glyphosate complex. The mixture was allowed to separate into two distinct layers and then the 
colorless bottom layer was drained and discarded. The yellow colored solution was drained into 
a storage vial. 0.5 ml of the yellow colored complex was added to a 10 ml volumetric flask and 
then diluted with DI water. The solution was mixed and then tested on the UV-Vis instrument. 
All solutions of various concentrations were tested on the UV-Vis to obtain various spectra for 
each one. The spectra were then all overlaid and the λmax was determined for the calibration 
curve. The absorbances of the solutions at the λmax value were used to create a calibration curve 
that would be used to compare with the field samples. 
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Extraction from Sand Samples 
 To create a model that could be used on the island of St. Kitts and Nevis, a procedure to 
test samples in the field was devised. First, sand bought at a local hardware store was washed 
thoroughly with DI water to remove any residual chemicals or waste. Next, the sand was then 
washed with a solution of 0.1 M KOH to remove any remaining impurities. The sand was then 
rinsed with DI water thoroughly until the pH was around 7-9. The sand was then dried in an 
oven. Once the sand was dry, 10 grams was weighed out and added to a flacon tube. 5 ml of the 
standard glyphosate solution was added to each tube shaken for a minute to ensure proper mixing 
and then stored for 24 hours in the refrigerator. After 24 hours, the excess solution that remained 
was pipetted out of the falcon tube. 10 ml of 0.1 M KOH solution was added to the sand and then 
the mixture was shaken for 5 minutes to ensure the highest amount of glyphosate was recovered 
from the sand. The supernatant KOH solution was then pipetted off into another test tube and 
centrifuged to remove any sand particles. The solution was then transferred into another test tube 
where 0.5 ml of concentrated HCl was added to neutralize the KOH in solution. The resulting 
solution was added into a separatory funnel and ran through the same procedure as the standard 
glyphosate solutions. Each sand sample was run in triplicate. The UV-Vis spectra from all the 
samples were then overlaid. 
Testing Food Samples 
 Tomato and corn were selected as common foods typically imported on St. Kitts and 
Nevis as possible vectors of glyphosate contamination onto the island. After testing the corn 
however, the natural yellow color could not be removed with a filter or centrifuge, resulting in 
only testing tomatoes. The tomatoes were obtained from a local supermarket. The tomato was cut 
into fourths and then one of the fourths was then cut into small pieces and added into a mortar 
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and pestle. The tomato was then ground until no fine particles remained. A few ml of 2 M 
ammonia was then added to the mortar and pestle and ground to remove any glyphosate that may 
be trapped within the tomato. 10 ml of the tomato slurry was drained into a falcon tube and then 
centrifuged to remove any seeds and plant material from the solution. After the solution was 
sufficiently clear, the solution was removed and then placed into a separatory funnel where it 
was then run through the same procedure as above. Each tomato sample was run in triplicate. 
Raindrop Model Experiment  
 To test whether glyphosate could be deposited from food scraps, a model using sand and 
simulated rainwater was set up. First, a part of the same tomato that was cut up earlier was taken 
and added into a large container containing sand packed to a depth of 2 cm. The large container 
had several small holes punched into the bottom to allow the drainage of water through the sand. 
The tomato pieces were added to the top of the sand until the height of the tomatoes was 
approximately 7 cm above the sand. The model setup is shown in Figure 3. After the tomatoes 
had been added, DI water was sprinkled onto the tomatoes in varying intensities to simulate 
raindrops. After sufficient water was added and there was observed water drainage through the 
holes in the bottom, the addition of water was stopped. After letting all water run through the 
sand and into a beaker underneath for collection, the tomato pieces were removed. A small 
sample of sand underneath the tomatoes was removed and analyzed for glyphosate recovery 
using the same method used for the extraction from sand samples. The water that was collected 
from underneath the sand was analyzed for glyphosate recovery using the same method to test 
the standard glyphosate solutions. Each tomato sand and water sample were run in triplicate. 
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Figure 3: Raindrop Experiment Setup 
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RESULTS 
Calibration Curve Method 
 From the calibration curve method, it was found that the absorbance of glyphosate had a 
linear relationship as the concentration of glyphosate increased. The overlaid spectra from the 
standard solutions are shown in Figure 3. After analyzing the overlaid spectra, the λmax was found 
to be around 270 nm for each of the calibration curves created throughout the experiment. For 
every new experiment that occurred on different days, a calibration curve was run alongside that 
day’s experiment to account for instrumentation errors and other physical factors that might 
impact the formation of the complex. For the first two experiments conducted, the overlaid 
spectra had a λmax at 267 nm as seen in Figure 4, while the last two experiments conducted had a 
λmax of 272 nm and 274 nm. This proved experimentally that the λmax for the copper (II) 
glyphosate complex was around 270 nm as only slight deviations were based on differences in 
physical factors for each respective day the experiment was run. For each respective experiment, 
the concentration of glyphosate in each sample was analyzed at the λmax determined from the 
calibration curve run that day.  
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Figure 4: Overlaid Spectra of Standard Glyphosate Solutions 
Additionally, it was observed that for each calibration curve that was conducted, as the 
concentration of the solution tested increased, the yellow color of the solution intensified. This 
proves the field test portion of the project as the color change correlated with the concentration 
increase. For the blank, the layer that formed had a slight blue color due to the copper ions in 
solution that did not form a complex. However, the layer was relatively colorless as the blue 
color was extremely faint. The solutions at the lower concentrations were observed to also be 
relatively clear with only a very slight yellow color forming at the concentrations of 10 ppm and 
50 ppm of glyphosate. At 100 ppm glyphosate, there was a noticeable yellow color that formed 
in solution which confirmed the presence of the copper (II) glyphosate complex in solution. As 
the concentration increased beyond 100 ppm, the yellow color increased in intensity until the 
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layer looked extremely dark to the point where it looked brown. This dark yellow color formed 
almost instantly when the ammonical copper solution was added. At lower concentrations, it 
took around 20 seconds for the yellow color to form. The differences in color between the blank 
and the 1000 ppm standard solution of glyphosate can be seen in Figure 5. 
 
 
 
 
 
 
. 
 
 
 
Figure 5: Color of Blank (left) and 1000 ppm (right) Copper (II) Glyphosate Complex in Solution 
 After finding the λmax for the calibration curve, the absorbance values were obtained for 
each of the solutions at that wavelength. These values were then plotted as absorbance vs. 
concentration to produce a calibration curve as seen in Figure 6. The equation of the line of best 
fit was determined and then used to find the concentration of glyphosate in each of the samples 
tested that day. The calibration curves that were run on different experiment days had a similar 
equation and coefficient of determination as the calibration curve displayed in Figure 6.  
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Figure 6: Calibration Curve for Standard Glyphosate Solutions 
Extraction from Sand 
The second part of the experiment was to extract glyphosate from sand samples and quantify the 
concentration in the extraction using the calibration curve. The samples were all run on the UV-
vis and the overlaid spectra results for one of the experiments are shown in Figure 7.  
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Figure 7: Sand Extraction Overlaid Spectra 
Using the calibration curve, the concentration of glyphosate extracted from sand samples 
were determined and are displayed in Table 1.  
Concentration Sand Trial 1  Sand Trial 2  Sand Trial 3 Average 
Sand Trials 
95 % 
Confidence 
Interval 
Blank 54.1 ppm 70.1 ppm -47.5 (N/A) 
ppm 
25.6 ppm ± 158.4 ppm 
1 ppm 97.1 ppm 88.7 ppm 33.6 ppm 73.1 ppm ± 85.7 ppm 
5 ppm 73.9 ppm 70.0 ppm 132.4 ppm 92.1 ppm ± 86.8 ppm 
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10 ppm 81.7 ppm 72.4 ppm 64.3 ppm 72.8 ppm ± 21.6 ppm 
50 ppm 53.7 ppm 57.3 ppm 14.1 ppm 41.7 ppm ± 59.5 ppm 
100 ppm 98.3 ppm 69.8 ppm 51.9 ppm 73.4 ppm ± 58.1 ppm 
175 ppm 44.9 ppm 34.7 ppm 16.5 ppm 32.0 ppm ± 35.8 ppm 
250 ppm 136.6 ppm 37.5 ppm 54.7 ppm 76.3 ppm ± 131.6 ppm 
500 ppm 175.5 ppm 172.1 ppm 104.7 ppm 150.8 ppm ± 99.2 ppm 
1000 ppm 316.8 ppm 296.4 ppm 272.4 ppm 295.2 ppm ± 55.3 ppm 
 
Table 1: Concentration of Glyphosate in Extraction from Sand 
 From testing the glyphosate in sand, the lower concentrations had extraction 
concentrations that did not have any relationship between absorbance and concentration. This 
could be due to several factors. The first possible factor is the difference in the sand that was 
added to each of the test tubes. The sand that was added could have had different compositions 
of larger particles such as rocks that would affect the interaction of glyphosate with the sand. The 
addition of small rocks would decrease the binding of glyphosate and would increase the 
recovered glyphosate because most of the herbicide would stay in solution and would be 
instantly recovered in solution. Another contributing factor to irregularities in the absorbances is 
the wash of KOH on the sand. Before the glyphosate is added to the sand samples, the sand is 
washed with water five times, washed with KOH for five times, and then rinsed with water to 
remove any KOH left in the sand. This ensures that when the KOH is used to extract the 
glyphosate from solution, there are no contaminants or other loose particles that are removed 
from the sand. However, when the water is used to flush the sand and remove the KOH, the pH 
of each batch of sand was not back to neutral. Instead, the pH remained around 9 even after 
rinsing the sand more than 5 times with DI water. This could cause the glyphosate to not attach 
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to the sand and give inaccurate results in the amount of glyphosate recovered in the experiment. 
Finally, the last factor that could affect the absorbances is the presence of KOH and HCl when 
the solution is run through the separatory funnel. After KOH is added to the test tube and then 
shaken to extract the glyphosate from the sand, the test tube is then placed in a centrifuge to 
remove any remaining sand particles. Then 0.5 ml of HCl was added and then shaken to 
neutralize any of the KOH in solution. However, using the pH meter, adding an extra half a drop 
could drop the pH from around 8 to around 5. Thus, when each of the various test tubes was 
being neutralized, a slight addition of 1 extra drop could change the pH environment from basic 
to acidic. Having an acidic environment would cause problems when adding the ammonical 
copper solution as the ammonia would be neutralized by the strong acid. This would cause the 
amount of glyphosate to form as a complex to be much lower than neutral conditions and have a 
much lower absorbance signal. On the contrary, a basic environment by not adding enough HCl 
to neutralize the KOH could potentially cause more glyphosate complex to form because the 
thiol would be deprotonated by the KOH instead. This could cause exaggeration of the 
absorbance signal for the sand samples of lower concentrations of glyphosate. Additionally, the 
KOH could also cause unwanted deprotonation of other side chains on the glyphosate molecule. 
This could cause unwanted products to form if, for example, the phosphate group was 
deprotonated. To combat the possibility of other products forming, a cleanup procedure of the 
solution after adding HCl should be investigated in the future. A cleanup procedure to remove 
any KOH or HCl left in solution would give more accurate results as the results should 
potentially be more linear and resemble the spectra from the calibration curve method.  
However, the results did show that for higher concentrations, there is still a relationship 
between absorbance signal and the concentration of the glyphosate added to the sand sample. 
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Starting at 50 ppm, the average of all three trials produced recovered concentrations of 
glyphosate that increased up to 1000 ppm except for the 175 ppm samples which can be 
excluded as an outlier from the experiment due to the extremely low absorbance signal and 
recovered amount. Also, the yellow color formed for each of the glyphosate solutions, with the 
higher concentration solutions providing darker yellow colors compared to lower concentration 
solutions which gave slightly yellow colors. Thus, this proves that the extraction from sand is a 
reliable technique and can be used to test for glyphosate in the sand in St. Kitts and Nevis and 
other places around the world such as the beaches of Florida. This technique can only be reliable 
with a limit of detection around 50 ppm as seen experimentally. 
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Internal Tomato 
The last part of the research project is to test tomatoes for glyphosate and then conduct 
the raindrop model experiment using the same tomato. The tomatoes were first analyzed for 
glyphosate and the results are shown in Figure 8.  
  
Figure 8: Overlaid Spectra of Glyphosate from Internal Tomato 
 Using the λmax of 274 nm from the calibration curve that was run that day, the 
concentration of glyphosate from each trial was calculated and displayed in Table 2. 
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Internal Trial 1 Internal Trial 2 Internal Trial 3 Average Internal 
Trials 
95% Confidence 
Interval 
189.1 ppm 323.9 ppm 455.0 ppm 322.7 ppm ± 330.3 ppm 
 
Table 2: Glyphosate Concentration from Internal Tomato 
 From the results of the internal tomato tests, the calculated amount of glyphosate present 
within the tomato itself was quite high. However, this amount is less than the daily intake 
amount max of 2000 mg/kg body weight set forth by the Food and Agriculture Organization of 
the United Nations (FAO) and World Health Organization (WHO).31 In the meeting and report 
released by the FAO and WHO, it was determined after analyzing various studies where rats and 
other mammals were exposed to very high doses of ingested glyphosate a day; it is unlikely that 
glyphosate poses a cariogenic risk to humans through diet.31 This is backed up by experimental 
results using 51.6 cm3 as the average volume of a beefsteak tomato32 and multiplying the 
glyphosate concentration of 322.7 ppm in the tomato, 16.7 milligrams of glyphosate was found 
to be in the tomato sample. This is well below the limit of 2000 mg/kg of body weight tested and 
should not be harmful when ingesting a small amount of fresh produce per day. The high 
concentration amount could also potentially be due to the similar nature of glyphosate to other 
naturally occurring amino acids such as its parent molecule of glycine.33 These amino acids 
behave much like glyphosate and can interfere with the analysis using UV-vis. Therefore, the 
high amount could potentially be due to other similar non-toxic compounds that complexes and 
adds to the total absorbance of the sample tested.33 However, the extraction of glyphosate from 
tomato was successful as the formation of a yellow color was observed. Therefore, most if not all 
the extract from the tomato should have been glyphosate. Also to prove that glyphosate was 
present in the tomato before extraction, a few ml of 1000 ppm standard solution of glyphosate 
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was spiked into part of the tomato sample that was used. The glyphosate was then extracted from 
the tomato and quantified using the UV-Vis. From the results of the spiked sample, the signal 
from the complex showed the same λmax signal at 274 nm, only at a higher intensity which is 
expected. Since the spiked tomato and normal tomato showed the same signal λmax, it can be 
proved that glyphosate was present in the tomato sample used and also in the raindrop 
experiment. 
Sand Tomato  
 The second part of the model experiment tested if glyphosate could be recovered from 
sand and the runoff water. The recovery results of glyphosate from sand in the raindrop 
experiment is shown in Figure 9.  
 
Figure 9: Overlaid Spectra of Glyphosate from Sand under Tomato in Model Experiment 
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Using the λmax of 274 nm from the calibration curve that was run that day, the 
concentration of glyphosate from each trial was calculated and displayed in Table 3. 
Sand Trial 1 Sand Trial 2 Sand Trial 3 Average Sand Trials 95 % Confidence 
Interval 
53.2 ppm 39.1 ppm 63.5 ppm 51.9 ppm ± 30.4 ppm 
 
Table 3: Glyphosate Concentrations from Sand under Tomato in Model Experiment 
From analyzing the sand of the raindrop model experiment, a small amount of glyphosate 
was recovered. This proves that a small amount of glyphosate was washed off the pieces of 
tomato and was deposited on the sand underneath. However, as mentioned earlier, this could 
possibly be natural amino acids from the tomato that washed off and is appearing as glyphosate 
when the complex forms. In another raindrop experiment conducted before this trial, there was 
no observed glyphosate recovery in the sand underneath the tomatoes leading to conflicting 
results. This could be due to the differences in the amount of glyphosate that could be trapped 
within and on the outside of the tomato when the vegetable is grown, harvested, and packaged. 
The tomato that was tested previously might have had a low amount of glyphosate internally that 
was not able to be washed off with raindrops into the sand below. Therefore, the glyphosate 
detected in the sand for this experiment is possibly due to a larger amount of glyphosate that was 
trapped internally when the tomato was grown.  
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Water Tomato 
The final part of the raindrop model experiment was to test the simulated runoff water for 
the presence of glyphosate. The overlaid spectra from the analysis of the runoff water is shown 
in Figure 10. 
 
Figure 10: Overlaid Spectra of Glyphosate from Water Runoff in Model Experiment 
Again, using the λmax of 274 nm from the calibration curve that was run that day, the 
concentration of glyphosate from each trial was calculated and displayed in Table 4. 
Water Trial 1 Water Trial 2 Water Trial 3 Average Water Trials 95 % Confidence 
Interval 
6.6 ppm 27.7 ppm 17.0 ppm 17.0 ppm ± 21.4 ppm 
 
Table 4: Glyphosate Concentration from Water Runoff under Tomato in Model Experiment 
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 The runoff water that drained through the sand in the raindrop model experiment had a 
lower amount of recovered glyphosate than the sand from the same model experiment. This is 
expected as if there was any glyphosate runoff from the tomatoes, most of the glyphosate should 
be trapped in the sand above as it acts as a large filter to trap larger particles such as glyphosate. 
Thus, only a small portion of glyphosate, seen experimentally as 17.0 ppm, was detected in the 
runoff water. The results can also be compared to the previous raindrop experiment conducted 
before this trial. In that raindrop experiment, there was also no glyphosate recovered in the 
runoff water. This however could be explained by how tightly packed the sand was underneath 
the tomatoes. A looser packed sand would allow more of the larger particles such as glyphosate 
to flow through the sand and end up in the runoff water. In this experiment, the sand was most 
likely poured in and did not pack together as tightly when exposed to water. This would explain 
the conflicting results from the two different raindrop experiments conducted.  
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CONCLUSION 
 From the experiments conducted, a successful model to test for glyphosate on the island 
country of St. Kitts and Nevis was created. This can be seen by the successful extraction of 
glyphosate from sand samples and then the application of the model raindrop experiment to 
create similar conditions to those found on the island. From the model experiment, glyphosate 
was found internally in the tomato at 322.7 ppm but is under daily intake limits that would cause 
genotoxic damage internally.31 From the sand and water samples that were collected after the 
model experiment, there was a small amount of glyphosate that was detected in both the sand 
and the runoff water. The concentration of glyphosate detected in the water was less than the 
sand which is expected due to the sand filtering and trapping the direct glyphosate runoff from 
the tomatoes. Therefore, the model is successful in simulating the rainfall conditions washing 
glyphosate of food scraps. This also proves that glyphosate can be transported on imported foods 
and introduced into the environment by rainfall. The experiment was also successful in creating a 
field test that can rapidly determine the presence of glyphosate in a sand sample. This was seen 
as a yellow color forming and varying in the darkness based on the concentration of glyphosate 
within the sample tested.  
 To further increase the utility and accuracy of the method and model tested in the 
experiment, more work should be done in the future to clean up the solutions to remove any 
contaminants. When testing the sand samples, the sand that was used was general all-purpose 
sand that was intended for use in sandboxes in playgrounds. The sand was washed until visually 
clean but still could have contained contaminants that were too small to see with the naked eye. 
Therefore, if analytical sand was purchased and was known to be clean, the KOH rinse to wash 
the sand initially could be eliminated, and the concentration of the glyphosate recovered should 
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be higher. Using higher-grade sand would also significantly reduce the number of contaminant 
products that might form from side reactions, further increasing the accuracy of the experiment. 
A second way to increase the accuracy would be to use a cleanup procedure if another chemical 
were added to extract the glyphosate from the matrix it was contained. For the sand procedure, 
finding a way to remove the KOH and HCl while leaving glyphosate in solution would decrease 
the chances of unwanted products from forming. For the extraction from tomato, removing the 
ammonia used in the extraction could also potentially decrease deprotonation too early in the 
procedure that would cause a different reaction from occurring. This however should not affect 
the formation of the product as the ammonical copper solution also contained ammonia as well.  
 For the model experiment, other foods that can be easily tested using the visual formation 
of a yellow complex would increase the scope and utility of the method. If other food sources 
such as wheat, fresh produce, and packaged goods that are commonly imported by island 
countries are tested using the method developed in this experiment, the utility would drastically 
increase. Also, to gather more information about how glyphosate contamination affects tomatoes, 
more trials should be run to determine the average amount of glyphosate over a wide range of 
tomatoes. This includes purchasing the same breed of tomatoes at different stores and also 
testing different growing techniques such as pesticide-free or organic to see if glyphosate is still 
present.  
 The spread of glyphosate contamination has changed from relatively contained when it 
was first introduced, to appearing in and on almost every type of food consumed daily. While 
other studies and results from this research project have confirmed that the amount of glyphosate 
contained within food samples tested are below limits and guidelines set forth by the largest 
health agencies around the world, consumers should be aware of potentially harmful pesticides 
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being consumed daily. While researchers continue to understand the side effects of glyphosate 
ingestion and its side effects, the method and model experiment developed in this research 
project have shown that glyphosate can be detected from sand and food samples and be applied 
in the future to testing samples from St. Kitts and Nevis.  
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